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Abstract: The aim of this study was to compare the efficacy and safety

of S-1-based therapy versus non-S-1-based therapy in advanced gastric

cancer (AGC) patients.

Eligible studies stratifying objective response rate (ORR), pro-

gression-free survival (PFS), overall survival (OS), and adverse events

(AEs) in AGC patients were identified from Embase, Pubmed, Cochrane

Library, and China National Knowledge Infrastructure databases. The

STATA package (version 11.0) was used to pool the data from the

eligible studies.

Fifteen studies with 2973 AGC cases, of which 1497 (50.4%)

received S-1-based therapy and 1476 (49.6%) received non-S-1-based

therapy, were identified in the meta-analysis. AGC patients who had

received S-1-based therapy had a higher median OS, median PFS, and

ORR than those who had received 5-fluorouracil (FU)-based therapy

(OS: hazard ratio [HR] 0.89, 95% confidence interval [CI] 0.80–0.98,

P¼ 0.015; PFS: HR 0.88, 95% CI 0.80–0.98, P¼ 0.016; ORR: OR

1.25, 95% CI 1.08–1.45, P¼ 0.003, respectively). S-1-based therapy

had similar efficacy to capecitabine-based therapy in terms of median

OS (HR 1.14, 95% CI 0.91–1.41, P¼ 0.253), median PFS (HR 1.01,

95% CI 0.82–1.25, P¼ 0.927), and ORR (OR 0.84, 95% CI 0.63–1.12,

P¼ 0.226). Subgroup analysis for grade 3 to 4 toxicity showed higher

incidence of neutropenia (relative risk [RR]¼ 0.827, P¼ 0.006), nausea

(RR¼ 0.808, P¼ 0.040), and lower diarrhea (RR¼ 1.716, P¼ 0.012) in

5-FU-based arm, and higher diarrhea (RR¼ 0.386, P¼ 0.007) in cape-

citabine-based arm.

S-1-based chemotherapy is favorable to AGC patients with better

clinical benefit than 5-FU-based chemotherapy and with equivalent

antitumor compare with capecitabine-based therapy.

(Medicine 94(16):e652)

Abbreviations: AGC = advanced gastric cancer, ORR = objective
n-Jiao Huang, Ai-M -Ke Jiang,
i-Qiao Huang, and Hong-Yan Zeng

European Union countries, ASCO = American Society of Clinical

Oncology, HR = hazard ratio, CI = confidence intervals, PS =

performance status, ECOG = Eastern Cooperative Oncology

Group, OR = odds ratio, RCTs = randomized controlled trials,

RR = relative risks.

INTRODUCTION

G astric cancer is one of the leading causes of death world-
wide and prognosis is poor as symptoms often do not

appear until the disease has reached an advanced stage.1,2 The
incidence of gastric cancer is twice as high in men as women
and the number of reported cases varies between countries. The
number of deaths from gastric cancer has fallen over the past
two decades, but it still ranks as the fourth most frequent
cancer.1 Patients aged 65 years or older account for the most
gastric cancer-related deaths.3 Although surgery and appropri-
ate adjuvant chemotherapy are used in treatment, the prognosis
is poor and average survival is <1 year.2

A previous early phase II clinical trial indicated that
irinotecan plus cisplatin was beneficial to advanced gastric
cancer (AGC) patients, reporting a response rate of 59% and
median survival time of 322 days, but with a high incidence of
grade 4 neutropenia (57%).4 Subsequent work showed that
fluorouracil plus cisplatin contributed to a higher response rate
and longer progression-free survival. This chemotherapy was
used for more toxic events but did not extend survival compared
with continuous infusion of fluorouracil alone. Therefore, more
effective chemotherapeutic regimens are still required for the
treatment of advanced gastric cancer.

In recent years, several phase III studies have been con-
ducted for AGC, using a combination of 5-fluorouracil (5-FU)
and cisplatin5,6; triple combinations using docetaxel or epiru-
bicin have also been widely tested. A previous clinical trial
indicated that irinotecan combined with folinic acid and 5-FU
showed similar benefits to epirubicin plus cisplatin and cape-
citabine, but with a more tolerable toxicity.7 A significant
improvement in survival was observed when using a combi-
nation of docetaxel plus 5-FU plus cisplatin, although the
clinical benefit was limited and the regimen affected hemato-
logical toxicity.8

S-1 is an oral anticancer drug containing tegafur, gimeracil,
and oteracil, which has been shown to improve anticancer activity
and limit the gastrointestinal toxic effects of FU. The Adjuvant
Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) trial
indicated that S-1-based therapy prolonged the survival of AGC
patients further when compared with surgery alone.9 Previous
phase II studies reported that S-1 monotherapy was beneficial for
AGC patients with a response rate of 45% and a 2-year survival of
er incidence of grade 3 (or higher) toxic
of S-1 and other cytotoxic drugs, such as

12 and cisplatin,13 have been explored in
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several phase I/II studies. With higher objective response rates
and lower frequencies of grade 3 or 4 toxic effects, these
combinations are thought to be promising. S-1 plus cisplatin
has been widely used for the treatment of AGC patients and as the
standard chemotherapy regimen for AGC patients in Japan.14

This chemotherapy regimen is also being used in the European
Union countries (EU) to treat AGC patients.15 A meta-analysis
showed that S-1-based combination therapy could prolong over-
all survival (OS), progression-free survival (PFS) and improve
objective response rate (ORR) with less toxicity for AGC
patients, compared with S-1 monotherapy.16 A previous meta-
analysis evaluated the efficacy and safety of S-1-based therapy
versus 5-FU-based therapy in AGC and reported that S-1-based
therapy extended OS with a lower incidence of grade 3 or grade 4
neutropenia, although there was no significant difference in
ORR.17 This study did not analyze PFS and included only a
limited number of eligible studies. Another meta-analysis study,
of which 4 randomized controlled trials (RCTs) met our inclusion
criteria, reported that S-1-based therapy had more clinical
benefits than 5-FU-based therapy; however, the population in
this study were all Chinese.18 In this study, a meta-analysis was
performed on a set of eligible studies to investigate whether S-1-
based therapy was more effective than non-S-1-based therapy for
treating patients with AGC.

MATERIALS AND METHODS

Search Strategy
The Cochrane Library, PubMed, Embase, and China

National Knowledge Infrastructure databases were searched to
identify all relevant articles published before or on December 2,
2014 using the following key search terms: ‘‘S-1,’’ ‘‘Teysuno,’’
‘‘TS-1,’’ ‘‘tegafur,’’ ‘‘gimeracil,’’ ‘‘oteracil,’’ ‘‘advanced stomach
cancer,’’ ‘‘advanced stomach carcinoma,’’ ‘‘advanced gastric
cancer,’’ ‘‘advanced gastric carcinoma,’’ ‘‘stomach neoplasm,’’
and ‘‘gastric neoplasm,’’ ‘‘treatment or chemotherapy’’. The
search was limited to human studies and without language
restricted. We also searched for the references of all retrieved
studies. In addition, Google Scholar search and all relevant
abstracts from the American Society of Clinical Oncology
(ASCO) conferences were conducted for supplementation.
Finally, we manually selected relevant studies based on the
summary analysis. The searches were performed independently
by 2 investigators.

Eligibility Criteria
To be eligible for inclusion in the meta-analysis, all studies

had to meet the following criteria: patients had pathologically
proven AGC (unrespectable or metastatic) at baseline with no
prior radiotherapy or previous adjuvant chemotherapy 1 month
before starting the study; compared S-1-based therapy with other
agent-based therapies as the first-line chemotherapy regimen;
randomized controlled trials or retrospective studies; (4) reported
data for calculating the efficacy or safety of these 2 chemotherapy
regimens; and (5) presented or allowed the calculation of a hazard
ratio (HR) and its 95% confidence intervals (CIs) for OS or PFS
compared with 2 chemotherapy regimens. Data from case reports,
review articles, and letters were not eligible for our study. When
the same patient populations were published in several studies,
only the most recent, largest, or complete study was included.

Wu et al
Corresponding authors were contacted for more details if necess-
ary. Two independent reviewers assessed all eligible articles using
a standardized form.

2 | www.md-journal.com
Quality Assessment
Two independent reviewers used the Cochrane Handbook

for Systematic Reviews of Interventions (version 5.0.2) to
assess the quality of the RCTs.19 The Newcastle-Ottawa Quality
Assessment Scale for cohort studies was used to evaluate the
quality of the nonrandomized studies.20 Any disagreements
were resolved by discussion between the investigators or con-
sulting a third reviewer.

Data Extraction
The following data were collected from each eligible study:

first author, ethnicity, publication year, number of patients eval-
uated, Eastern Cooperative Oncology Group (ECOG) perform-
ance status (PS), proportion of males and average age; (2) study
design of the eligible studies, chemotherapy regimen, ORR,
median PFS, median OS, and the HR of OS or PFS and its
95% CI; and (3) grade 3 or grade 4 adverse events (AEs). Two
reviewers, working independently, used a standardized format to
extract the data and this was checked for internal consistency.
Consensus were resolved if any disagreement happened.

Statistical Analysis
The primary endpoints in our study were OS and PFS. The

HR and its 95% CI were used to express the association between
chemotherapy regimen and the primary endpoints. Either S-1-
based therapy results in a shorter PFS or OS, with an HR of more
than 1, or it leads to a longer PFS or OS with a HR of <1. The
secondary endpoints in our study were ORR and AEs. ORR was
defined as the sum of the complete and partial response rates
according to the Response Evaluation Criteria in Solid Tumors.21

An odds ratio (OR) was used to represent the correlation between
the chemotherapy regimen and the ORR of the S-1-based therapy
arm over other agent or agent-based combination chemotherapy
arms. Thus, there is no significant difference for the ORR between
the 2 types of treatment when the OR is equal to 1; a favorable
outcome in S-1-based therapy is an OR>1; the tendency of S-1-
based patients to be less responsive to treatment is denoted by an
OR <1. AEs of the eligible studies were evaluated using the
National Cancer Institute’s common toxicity criteria (version 2).
A P value<0.05 was considered statistically significant. A fixed-
effects model was conducted to pool HR or OR. We looked for
heterogeneity using the traditional Q test and the I2 index based on
standard methods.22 The source of heterogeneity was explored
using the following techniques: sensitivity analysis, subgroup
analysis, or the random-effects model.23 Begg test and Egger test
were used to look for publication bias.24,25 All statistical analyses
were performed using the META module of the STATA software
program, version 11.0 (Stata Corporation, College Station, TX).
A 2-tailed P value <0.05 was considered to be statistically
significant.

RESULTS

Selection of Studies
A total of 511 related publications were identified based on

our initial screening without language restriction. After a care-
ful review of the abstracts, 148 references were deemed eligible
based on the inclusion criteria. After reviewing the complete
articles, we excluded 64 studies based on the surgical treatment
time-period, 35 studies that included concurrent chemo radio-
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therapy (CCRT) or radiotherapy, and 34 studies with inestim-
able data or unreachable authors. As a result, the meta-analysis
included 15 studies14,26–39 involving 2973 AGC patients, with

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



1497 patients in the S-1-based therapy group (50.4%) and 1476
patients (49.6%) in the non-S-1 therapy group (Fig. 1). Four
trail36–39 published in Chinese were retrieved from the refer-
ences of He et al’s study.40 The characteristics of the 10
included studies are displayed in Table 1.14,26–39

Quality Assessment of the Studies
We used the Cochrane Handbook for Systematic Reviews

of Interventions to assess the quality of the 12 included RCTs
and all RCTs reported adequate generation of the allocation
sequence. Three studies14,28,32 reported allocation concealment
(concealed to the investigators). No trials reported a blinding
process. Two studies31,34 we included are abstract, so the
evaluation marks the incomplete outcome, selective reporting,
and other bias as unclear. All the RCTs included in our study are
level B. The Newcastle-Ottawa Quality Assessment Scale for
cohort studies was used to assess the quality of three retro-
spective studies,29,33,39 resulting in high-quality scores with a
total of 8 stars. The risk of bias for the 7 RCTs is listed in
Table 2.14,26–28,30–32,34–38

Efficacy

Main Results of OS
Twelve eligible studies reported information for treatment

and OS; the HR and its 95% CI for OS could be extracted from
these studies. Univariate analysis was performed to calculate
the HR and the corresponding 95% CI from the references for
OS. We looked for some heterogeneity using the Q-test
(x2¼ 13.56, P¼ 0.258, I2¼ 18.9%) with the fixed-effects
model. Pooled data from these 12 studies indicated that S-1-
based therapy was favorable to AGC patients compared with
non-S-1-based therapy (HR 0.92, 95% CI 0.85–0.99,
P¼ 0.027) (Fig. 2). Subgroup analysis was performed based
on chemotherapy regimen and study design. S-1-based therapy
versus 5-FU-based therapy was conducted in 5 stu-
dies.14,26,31,34,35 The subgroup analysis indicated that AGC
patients receiving S-1-based therapy experienced a longer
OS compared with patients receiving 5-FU-based therapy
(HR 0.89, 95% CI 0.80–0.98, P¼ 0.015) (Fig. 2A). Six studies
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were performed using capecitabine-based therapy28–30,33,36,37

and the subgroup analysis indicated that there was no significant
difference in OS benefit (HR 1.01, 95% CI 0.89–1.15,

FIGURE 1. Flowchart of study selection.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
P¼ 0.876) (Fig. 2A). Significant difference between S-1-based
arm and non- S-1-based arm also was found in 10
RCTs14,26,28,30–32,34–37 (HR 0.91, 95% CI 0.84–0.98,
P¼ 0.014) but not in 2 retrospective trials29,33 (HR 1.20,
95% CI 0.83–1.73, P¼ 0.336) (Fig. 2B). The results from a
sensitivity analysis suggest that our findings are statistically
robust. We did not observe any publication bias using either the
funnel plot or Egger test (P¼ 0.304 and P¼ 0.587).

Main Results of PFS
Eleven eligible studies reported the HR with a 95% CI for

PFS. The HR and corresponding 95% CI from references for
PFS were pooled using univariate analysis. Some heterogeneity
was observed using the Q test (x2¼ 13.32, P¼ 0.204,
I2¼ 25.2%) with the fixed-effects model. Pooled data of PFS
indicated that AGC patients who received S-1-based therapy
had a longer PFS than those who received non-S-1-based
therapy (HR 0.90, 95% CI 0.83–0.97, P¼ 0.010) (Fig. 3). S-
1-based therapy versus 5-FU-based therapy was conducted in 4
studies.14,26,27,31 Subgroup analysis with moderate heterogen-
eity (x2¼ 9.79, P¼ 0.020, I2¼ 69.4%) indicated that S-1-based
therapy showed a favorable outcome for AGC patients by
prolonging PFS when compared with 5-FU-based therapy
(HR 0.88, 95% CI 0.80–0.98, P¼ 0.016) (Fig. 3A). No hetero-
geneity was observed in the capecitabine-based therapy group
(x2¼ 0.87, P¼ 0.973, I2¼ 0.00%) and the pooled data indi-
cated that S-1-based and capecitabine-based therapy showed a
similar PFS benefit (HR 0.96, 95% CI 0.83–1.11, P¼ 0.567)
(Fig. 3A). Significant difference between S-1-based arm and
non-S-1-based arm also was found in 9 RCTs14,26–28,30–32,36,37

(HR 0.89, 95% CI 0.82–0.97, P¼ 0.007) but not in 2 retro-
spective trials29,33 (HR 1.03, 95% CI 0.75–1.43, P¼ 0.835)
(Fig. 3B). The results from a sensitivity analysis suggest that our
findings are statistically robust. No publication bias was
detected using either the funnel plot or Egger test (P¼ 0.436
and P¼ 0.719).

Overall Response Rate
Tumor objective responses were extracted from all eligible

studies, which included 2444 patients. We looked for moderate

S-1-based Therapy in AGC
heterogeneity across studies using the fixed-effects model
(x2¼ 40.12, P¼ 0.00; I2¼ 65.1%), and the subgroup analysis
showed that 5-FU-based chemotherapy (x2¼ 31.36, P¼ 0.00;

www.md-journal.com | 3



TABLE 1. Baseline Characteristics of Eligible Studies

Authors
Publication

Year
Ethnicity Study

Design Patients
Chemotherapy

Regimen (Group)
PS 0–1

(%)
Sex Male

(%)
Age,
years

MPFS,
months

MOS,
months

Jin et al34 2008 China RCT 76 S-1þ cisplatin 5W/cycle — — 57 — 14.3
74 5-fluorouracilþ cisplatin 4W/cycle — — 58 — 10.3

Lee et al32 2008 Korea RCT 45 S-1 6W/cycle 96 82 71 4.2 8.1
46 capecitabine 3W/cycle 91 65 71 4.7 9.5

Seol et al33 2009 Korea Retrospective 32 S-1þ cisplatin 3W/cycle 94 84 73 5.4 9.6
40 capecitabineþ cisplatin 3W/cycle 93 80 73 5.9 10.8

Boku et al14 2009 Japan RCT 234 S-1 6W/cycle 99 75 64 4.2 11.4
234 5-fluorouracil 4W/cycle 99 75 64 2.9 10.8

Ajani et al26 2010 USA RCT 527 S-1þ cisplatin 4W/cycle 100 73 59 4.8 8.6
526 5-fluorouracilþ cisplatin 4W/cycle 100 68 60 5.5 7.9

Jeung et al30 2011 Korea RCT 37 S-1þ docetaxel 3W/cycle 90 84 56 7.3 16.0
38 cisplatinþ docetaxel 3W/cycle 85 74 60 4.8 8.2

Kim et al28 2012 Korea RCT 65 S-1þOxaliplatin 3W/cycle 100 68 60 6.2 12.4
64 CapecitabineþOxaliplatin 3W/cycle 97 70 61 7.2 13.3

Nishikawa et al35 2012 Japan RCT 80 S-1þ paclitaxel 4W/cycle 100 69 68 — 15.2
77 5-fluorouracilþ paclitaxel 4W/cycle 100 75 67 — 14.2

Ba et al37 2012 China RCT 18 S-1þ cisplatin 3W/cycle 100 67 54 5.9 12.4
19 Capecitabineþ cisplatin 3W/cycle 100 68 53 5.5 11.9

Yan et al38 2012 China RCT 21 S-1þ cisplatin 3W/cycle — — — — —

21 Capecitabineþ cisplatin 3W/cycle — — — — —

Lv et al39 2012 China Retrospective 31 S-1þOxaliplatin 3W/cycle — 55 68 — —

41 CapecitabineþOxaliplatin 3W/cycle — 46 67 — —

Xiong et al36 2013 China RCT 42 S-1þ docetaxel 4W/cycle 100 74 — 4.3 10.5
44 Capecitabineþ docetaxel 4W/cycle 100 64 — 4.5 10.9

Xu et al31 2013 China RCT 120 S-1þ cisplatin 5W/cycle — — — 5.51 10
116 5-fluorouracilþ cisplatin 4W/cycle — — — 4.6 10.46

Shitara et al29 2013 Japan Retrospective 50 S-1þ cisplatin 5W/cycle 100 74 61 5.8 13.8
26 capecitabineþ cisplatin 3W/cycle 100 85 65 5.2 13.5

Huang et al27 2013 China RCT 119 S-1þ paclitaxel 4W/cycle 100 75 56 5.1 —

110 5-Fluorouracilþ paclitaxel 4W/cycle 100 69 54 4.3 —

rviv
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I2¼ 84.1%) was the main sources of heterogeneity. The ORR of
AGC patients with S-1-based therapy was 33.20% (413/1244),
whereas that of AGC patients with non-S-1-based regimens was
28.17% (338/1200), which indicated that S-1-based therapy
could improve ORR for AGC patients compared with non-S-
1-based therapy (OR¼ 1.17; 95% CI 1.04–1.31; P¼ 0.011)

MOS¼median overall survival, MPFS¼median progression-free su
(Fig. 4). In the subgroup analysis of the chemotherapy regimen,
the ORR for patients who received S-1-based therapy was higher
than that of patients who received 5-FU-based therapy

TABLE 2. Quality of RCTs Used in the Meta-analysis

Authors Sequence generation Allocation concealment

Jin et al34 (2008) Yes Unclear
Lee et al (2008)32 Yes Yes
Boku et al (2009)14 Yes Yes
Ajani et al (2010)26 Yes Unclear
Jeung et al (2011)30 Yes Unclear
Kim et al (2012)28 Yes yes
Nishikawa et al (2012)35 Yes Unclear
Ba et al (2012)37 Yes Unclear
Yan et al (2012)38 Yes Unclear
Xiong et al (2013)36 Yes Unclear
Xu et al (2013)31 Yes Unclear
Huang et al (2013)27 Yes Unclear

No¼ high risk of bias, RCT¼ randomized controlled trial, Unclear¼mo

4 | www.md-journal.com
(P¼ 0.003) (Fig. 4A). There was no heterogeneity (x2¼ 2.02,
P¼ 0.958, I2¼ 0.0%) in the capecitabine-based therapy group
and the result indicated that capecitabine-based therapy was not
superior to S-1-based therapy in overall response rate (P¼ 0.433)
(Fig. 4A). Significant difference between S-1-based arm and non-
S-1-based arm also was found in 12 RCTs14,26–28,30–32,34–38 (HR

al, PS¼ performance status, RCT¼ randomized controlled trials.
1.20, 95% CI 1.06–1.36, P¼ 0.004) but not in 3 retrospective
trials29,33,39 (HR 0.85, 95% CI 0.59–1.24, P¼ 0.407) (Fig. 4B).
The results from a sensitivity analysis suggest that our findings

Blinding Incomplete outcome Selective reporting Other bias

Unclear Unclear Unclear Unclear
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Yes Yes Yes
Unclear Unclear Unclear Unclear
Unclear yes yes yes

derate risk of bias, Yes¼ low risk of bias.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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are statistically robust. No publication bias was detected using
either the funnel plot or Egger test (P¼ 0.553 and P¼ 0.507).

Analysis for non-S1-based Therapy (5-FU vs
Capecitabine)

The statistical method published by Altman et al41 was

FIGURE 2. Pooled analyses and subgroup analysis (A, B) of OS ass
with its 95% CI <1 indicate a longer OS for S-1 based chemo
controlled trials.
used to conducted meta-analysis among non-S1-based therapy,
which indicated that similar efficacy of OS (HR 0.88, 95% CI
0.75–1.03) and PFS (HR 1.09, 95% CI 0.91–1.30) was found

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
between 5-FU-based arm and capecitabine-based arm other
than capecitabine-based arm had higher ORR (relative risk
[RR] 1.36, 95% CI 1.05–1.76).

Toxicity
The toxicity profile analyses for eligible trials are shown

ated with S-1-based therapy compared with non-S-1 therapy. HR
rapy. HR¼hazard ratio, OS¼overall survival, RCT¼randomized
in Table 3. The most common grade 3 to 4 hematologic
toxicities were neutropenia and anemia in both arms, and
the most frequent grade 3 to 4 nonhematological toxicities

www.md-journal.com | 5
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were nausea for each arm. Pooled data revealed no significant
difference in safety profiles for both grade 3 to 4 hematologic
and grade 3 to 4 nonhematological events, other than lower
incidence of neutropenia and vomiting were observed in S-1-
based arm. Subgroup analysis for grade 3 to 4 toxicity showed
higher incidence of neutropenia (RR¼ 0.827, P¼ 0.006) and
nausea (RR¼ 0.808, P¼ 0.040), lower diarrhea (RR¼ 1.716,

FIGURE 3. Pooled analyses and subgroup analysis (A, B) of PFS as
with its 95% CI <1 indicate a longer PFS for S-1 based chemothe
randomized controlled trials.
P¼ 0.012) in 5-FU-based arm, and higher diarrhea
(RR¼ 0.386, P¼ 0.007) in capecitabine-based arm. Analysis
among non-S1-based arm, which was performed via the

6 | www.md-journal.com
method of Altman et al literature,41 showed that 5-FU-based
arm had lower incidence of diarrhea than that in capecitabine-
based arm (RR 4.45, 95% CI 1.98–9.98) (Table 4).

DISCUSSION
Several early phase II and III studies have reported that S-1

iated with S-1-based therapy compared with non-S-1 therapy. HR
y. HR¼hazard ratio, PFS¼progression-free survival, RCT¼rando-
has a multifactorial synergistic effect on anti-tumor activity in
AGC patients in a single agent setting.10,42 In addition, several
trials exploring combinations of S-1 and other agents for the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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treatment of AGC have been conducted widely in Asian
countries including Japan, China, and Korea. However, as
yet there is no consensus in the medical community regarding
the superiority of S-1-based therapy over other agent or agent-
based therapies for AGC patients. The meta-analysis of pub-
lished data presented in this study aimed to address this by
determining whether S-1-based therapy could improve objec-

FIGURE 4. Pooled analyses and subgroup analysis (A, B) of ORR as
with its 95% CI>1 indicates a higher ORR for S-1 based chemothera
controlled trials.
tive response rate, control symptoms, prolong survival, and
maintain or improve quality of life compared with non-S-1-
based therapy in patients with AGC.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
The results from our study indicate that S-1-based che-
motherapy showed greater clinical benefit in terms of OS, PFS,
and ORR; achieved tolerability 3 to 4 toxicity for AGC patients
when compared with 5-FU-based therapy, and has similar
clinical benefit with capecitabine-based therapy. In the sub-
group analysis of the chemotherapy regimen for OS, S-1-based
therapy prolonged the OS in AGC patients compared with 5-

iated with S-1-based therapy compared with non-S-1 therapy. OR
OR¼odds ratio, ORR¼objective response rate, RCT¼randomized
FU-based therapy. This finding concurred with a previous meta-
analysis conducted by Huang et al.17 We note that Fuse et al’s
study43 is the updated analysis of Boku et al’s study14 with the

www.md-journal.com | 7



TABLE 3. Outcome of Grade 3–4 Toxicity Meta-analysis

Heterogeneity

Grade 3–4 Toxicity No. P I2 (%) P

Overall — 0.000 48.0 0.053
Hematological

Leucopenia 10 0.001 69.2 0.584
Neutropenia 13 0.000 84.5 0.004
Anemia 13 0.210 23.1 0.677
Thrombocytopenia 10 0.040 48.9 0.966

Nonhematological
Fatigue 6 0.333 12.9 0.697
Nausea 14 0.986 0.0 0.058
Anorexia 10 0.990 0.0 0.762

Wu et al
same patients population and both of these studies were
included in the Huang et al’s study17; with careful consider-
ation, the study conducted by Fuse et al43 was excluded from
our study because of insufficient information. Furthermore, the
results in our study were generated from a larger sample size
and a greater number of studies; therefore it could be considered
more statistically robust than the aforementioned study.17

When S-1-based therapy was compared with 5-FU-based
therapy with regard to PFS, the former was found to be more
effective (P¼ 0.016) for AGC patients. This particular finding
was not reported in the previous meta-analysis by Huang et al.17

With regard to the ORR, the Huang et al’s study17 reported that
S-1-based therapy was not superior to 5-FU-based therapy
(OR¼ 1.25, 95% CI 0.31–5.09, P¼ 0.734). However, our
results from the subgroup analysis indicated the contrary.
The reasons for this might be that only 2 studies provided
relevant information of overall response rate in the Huang et al’s
study,17 whereas we found 6 such studies. Furthermore, the data
extracted from the trial by Boku et al’s study14 regarding the
ORR in the 5-FU-based therapy group that is referenced in the
Huang17 study should be 15/175, not 68/181. Another meta-

Vomiting 13 0.552 0.0 0.043
Diarrhea 12 0.076 39.7 0.579
analysis,44 which included the same 6 articles with our current
analysis, used randomized-effects model to pool OR for ORR
among S-1-based and 5-FU-based because high heterogeneity

TABLE 4. Subgroup Analyses for Grade 3–4 Toxicity

Subgroup (P)

Grade 3–4 Toxicity RCTs Retrospective S-1 vs 5-fluoro

Overall 0.014 0.149 0.124
Hematological

Leucopenia 0.717 0.376 0.868
Neutropenia 0.002 0.865 0.006
Anemia 0.814 0.101 0.952
Thrombocytopenia 0.890 0.309 0.769

Non-hematological
Fatigue 0.616 0.500 0.655
Nausea 0.043 0.910 0.040
Anorexia 0.960 0.367 0.994
Vomiting 0.048 0.655 0.196
Diarrhea 0.493 0.792 0.012

CI¼ confidence interval, RCTs¼ randomized controlled trials, RR¼ rela

8 | www.md-journal.com
was observed, with the results that no significant difference was
found in terms of ORR between these 2 arms. It seems that the
total studies size of six might not warrant using randomized-
effects model; therefore, fixed-effects model was conducted and
the result indicated that S-1-based arm had higher ORR than the
5-FU-based arm. This result was consistent with Yang et al’s.45

The purpose of our study is consistent with Yang et al’ study45

with similar conclusions, but more related RCTs were included
in our current trail.

There was insufficient information on safety profiles in 1
eligible study,30 even after contacting the author. The pooled
data on toxic effects indicated no significant difference in most
of grade 3 to 4 toxic events between S-1-based therapy and non-
S-1-based therapy, and all the toxicities were manageable,
tolerable, and predictable. Although high heterogeneity was
found in subgroup analysis for grade 3 to 4 neutropenia, the
main sources of heterogeneity came from 5-FU-based che-
motherapy group including 6 literatures; therefore, we still used
fixed-effects model to perform analysis.

Two previous meta-analysis articles40,46 showed that S-1-
based treatment had similar antitumor efficacy with capecita-
bine-based treatment for AGC patients; 4 trials included in them
were not included in our current analysis because those 4 trails
clearly stated that S-1 provided to the AGC patients was made in
china, which might lead to clinical heterogeneity. Conclusions
from other meta-analysis studies have indicated that S-1-based
and capecitabine-based chemotherapy treatments are similarly
effective and well tolerated for gastrointestinal cancers47; in this
case, our work is limited to advanced gastric cancer; therefore, 2
studies related to colorectal cancer were excluded from our
work. We noted that the conclusion we drew from the capeci-
tabine-based therapy subgroup analysis is similar to that of the 3
meta-analysis studies mentioned above.

There are some clear weaknesses in our study. First, we
used the method posed by Altman et al41 to assess the efficacy
and tolerability of non-S-1-based chemotherapy among AGC
patients, and our results showed that higher ORR and grade 3 to
4 diarrhea were observed in capecitabine-based arm compared
with 5-fluorouracil-based arm. This conclusion needs to be
confirmed because these calculations are used for comparing

Medicine � Volume 94, Number 16, April 2015
2 estimated RRs from subgroup analysis. Second, the eligible
studies included 12 RCTs with level B in the quality assessment
and three studies29,33,39 with higher score, and the results could

5-Fluorouracil vs Capecitabine

uracil S-1 vs Capecitabine RR (95% CI)

0.185 1.082 (0.881–1.329)

0.185 0.573 (0.242–1.357)
0.377 0.996 (0.644–1.540)
0.413 0.828 (0.508–1.348)
0.622 1.210 (0.629–2.327)

0.882 1.163 (0.378–3.576)
0.926 0.830 (0.457–1.505)
0.390 0.741 (0.361–1.521)
0.051 1.585 (0.818–3.072)
0.007 4.446 (1.981–9.978)

tive risks.
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have been affected by the quality of the individual studies.
Finally, most of the studies in our analysis comprised popu-
lations from East Asia who have a similar genetic background;
only 1 study was conducted in the West (USA).26 Therefore, we
did not perform a subgroup analysis based on ethnicity, and
these conclusions should be confirmed via high-quality RCTs
and Western studies.

Overall, our study shows that S-1-based chemotherapy is
favorable to AGC patients with better clinical benefit in term of
OS, PFS, and ORR when compared with 5-FU-based che-
motherapy and have similar antitumor efficacy compared with
capecitabine-based chemotherapy. Financially, S-1 is cheaper
than continuous infusion of fluorouracil and it benefits from the
convenience of oral administration. We would therefore recom-
mend S-1-based therapy as a chemotherapeutic regimen for
AGC patients in future, once our findings have been confirmed
through larger studies and further clinical trials.
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